Heat







NPES Panther Pete Science Lab – Grade 3  


	Purpose:

	The purpose of this lab is to investigate the properties of heat.  After this lab, students will understand how thermometers work.  They will be able to identify how uses of energy and insulation of our homes can affect the energy we consume.  And finally, they will learn about conduction and the movement of thermal energy.



	GPS Standards/Essential Questions:

	S3P1. Students will investigate how heat is produced and the effects of heating and cooling, and will understand a change in temperature indicates a change in heat. 
a. Categorize ways to produce heat energy such as burning, rubbing (friction), and mixing one thing with another. 

b. Investigate how insulation affects heating and cooling. 

c. Investigate the transfer of heat energy from the sun to various materials. 

d. Use thermometers to measure the changes in temperatures of water samples (hot, warm, cold) over time.

Essential Questions:

1.  How does insulation in our homes affect energy usage?

2.  How does thermal energy move and what is conduction?


	Lesson Plan:

	The lesson begins with an introduction by the Lab Coordinator. The students will divide into four groups and rotate among four centers.  At the end of the lab, the Lab Coordinator will briefly review what the students observed.

	Teachers:

	Please divide students into four equal lab groups before coming to the lab.  Also, at the beginning of the lab, please be prepared to identify any students who may not be photographed.  As a follow-up, a parent letter will be emailed to the CAT teams for distribution to the classes.

	Parent Volunteers:

	Please read this material, focusing especially on the center activity you have been assigned.  Please arrive at the lab 15 minutes before your class is scheduled to familiarize yourself with your center experiment.  Your role will be to ensure safety and facilitate the activity with the students at your center.  The class will be divided into four equal groups and each group will rotate through your center.   You will not be responsible for the class presentation; the Lab Coordinator will do all group discussions.

	Lab Coordinator Introduction:

	As students walk in, ask them to take a seat at their assigned center and write their names on the worksheet in front of them.  

Once students are settled in their seats, welcome them to the Panther Pete Science Lab.  Introduce yourself and the parent volunteers in the room.  Tell students that this is a special opportunity for them and our parent volunteers to investigate the exciting things they are learning in the classroom.  


	Lab Center Overview and Directions:

	In the lab today, you will study heat in four different activities:  
· In Center 1, you will make your own thermometer and work with a tool that demonstrates how heat makes air and liquid expand.   
· In Center 2, you will explore how the light bulbs we use can affect the heating and cooling of our homes.  
· In Center 3, you will learn about heat transfer and conductivity.  
· And in Center 4, you will examine how insulation can affect the heating and cooling of our homes.

You will have about 10 minutes in each center.  I will give you a 2 minute warning when it is time to finish up.  When I flash the lights, it will be time to change centers.  Please bring your clipboard and your pencil with you, and move to the next center.

	Center 1:  Heat, Temperature and Pressure

	Introduction:

In this center, you are going to learn a little more about thermometers by making one ourselves!  Then we’ll look at little more closely at how our thermometers work by experimenting with a hand boiler…it’s a device that acts like its own little hand-held heat engine!

Activity 1 – Making a Thermometer (demonstration):
1. Show the students a plastic bottle already containing 1 ounce of water.

2. Measure out 1 ounce of alcohol and add it to the bottle using a funnel.  
3. Add 2-3 drops of food coloring and mix.
4. Put a clear drinking straw in the bottle, but don't let the straw touch the bottom.
5. Use a ball of modeling clay to seal the neck of the bottle, so the straw stays in place.  The seal must be very secure and without holes.
6. Pass around the bottle and ask students to wrap their hands around the base of the bottle, without squeezing the bottle, to warm the liquid inside.  The red mixture may begin to rise up the straw.  Some students’ hands may not be warm enough to generate much of a rise.  
7. Pour about 3” of hot water into a plastic bowl in front of the students.
8. Carefully place the bottles into the bowl of hot water and ask students to observe!  
9. The red alcohol mixture will begin to rise up the straw.  (NOTE: Remove the bottle from the hot water once the reaction begins to take place. DO NOT let the red alcohol mixture flow out of the top of the straw!)
Discussion:

You just saw how to make your own a thermometer. Just like any thermometer, the mixture in the bottle expanded when it was heated. This made the liquid no longer fit in the bottom of the bottle.  As the alcohol expanded, the colored mixture moved up through the straw. If the bottle were to get very hot, the liquid would have come through the top of the straw!

Of course, in order to accurately read the temperature, you would need to buy a real thermometer that is carefully calibrated for temperature changes. This experiment just shows us how a thermometer works -- just for fun.  Now let’s look at another way that heat causes changes in pressure and can create energy.

Activity 2 – A Hand Held Heat Engine:
NOTE:  Advise the students that the hand boilers are delicate and must be handled carefully!

1. Pass around 1 hand boiler and ask students to gently hold the base of hand boiler with their entire hand wrapped around it. The liquid will go up to the top; not because the students squeezed the boiler, but because the heat from their hands warms the gas, which pushes the liquid into the top chamber. 
2. After everyone has a turn, challenge your students to now get the liquid back to the bottom of the boiler without turning it over.   Note:  If they touch the top chamber with their hands, the liquid will go back to the bottom.  
3. Center Leader: Now move all the liquid to the top of the hand boiler.  Show students what happens when you place the bottom of the hand boiler in a cup of ice water.  The liquid will go down more quickly because we cooled the lower chamber and decreased the pressure.  
4. If time allows, let each student place the hand boiler in the cup of ice water.
Discussion:

This hand boiler device highlights the interplay between temperature and pressure. In a closed container, as the temperature goes up, so does the pressure. As the temperature increases, the molecules of gas in the container move faster which increases the pressure. As the pressure increases in one of the chambers, the liquid will be pushed into the other one. Conversely, as the air in one of the chambers cools off, the molecules of gas slow down, lowering the pressure. The liquid will move from an area of higher pressure to an area of lower pressure.



	Center 2:   Heat and Wattage

	Introduction:

Today we are going to look at two different kinds of light bulbs and the heat they produce.  The first type of bulb is an incandescent bulb.  The second kind is a compact fluorescent bulb.  (Point out each type of bulb to the students).  Light bulbs come in different watt sizes…the higher the wattage, the brighter the light generated.  Now let’s take a look at some different watt bulbs and see what kind of heat they produce.
Activity:

1. Center Leader: Place a goose neck lamp in front of each student.  Each lamp should have a different watt bulb and each light bulb should be the same distance from the table.
2. Have each student put a thermometer under the light of the lamps.  
3. Ask each student to measure and write down the starting temperature with the lamps off.
4. Have students turn on lamps.  Warn students not to touch the light bulbs or the lamps as they may be hot.
5. Leave lamps shining on the thermometers for about 3 minutes.  Ask students to record the temperature after 3 minutes.
6. Have students turn off the lamps.  Wait 3-5 minutes.  Ask students to record the final temperature after 3-5 minutes. 

While waiting to take temperatures, discuss the difference in how the two types of bulbs produce light: 

· Show students the 2 diagrams of the incandescent light bulb & compact fluorescent light bulb.

· Fluorescent light bulbs (including compact fluorescents) are more energy-efficient than regular bulbs because of the different method they use to produce light. 
· Regular light bulbs (also known as incandescent light bulbs) create light by heating a “filament” inside the bulb.  The heat makes the filament white-hot, producing the light that you see. A lot of the energy used to create the heat that lights an incandescent bulb is wasted. 
· A fluorescent bulb, on the other hand, contains a gas that produces invisible ultraviolet light (UV) when the gas is excited by electricity. The UV light hits the white coating inside the fluorescent bulb and the coating changes it into light you can see. Because fluorescent bulbs don't use heat to create light, they are far more energy-efficient than regular incandescent bulbs.
· Incandescent lights give off heat as well as light energy. The higher the wattage of the light bulb the higher the temperature. A compact fluorescent bulb gives off very little heat energy because they do not use resistance and cause a light to glow hot.   In a home or office, lots of incandescent lights means that the air conditioner would have to use more energy during the summer to remove the extra heat given off by lights.
Discussion:

After recording final temperatures, discuss the results of each student’s lamp and temperature readings:

1.  Which wattage bulb reached the highest temperature?

2.  Which bulb experienced the least increase in temperature?

3.  What happened to the temperatures when we turned the lamps off?

4.  With which type of bulb would you use the least amount of energy in your house in the summer time?

NOTE: Change out thermometers between each center in order to allow them time to cool down to room temperature.

	Center 3:  Conduction

	Introduction:

In this center, we are going to explore how thermal energy moves, and how some materials conduct heat.  
· What is conduction?  Conduction is the movement of thermal energy between objects that touch each other.  
· An object that thermal energy can move through easily is called what?  A conductor.  
· What is the opposite of a conductor?  An insulator – an object that doesn’t conduct heat well.

Activity 1 - Heat Transfer:
1. Show students the heat transfer kit with the Syrofoam cups inside each other for insulation.  
2. Show the students the heat transfer bar and allow them to feel the bar.  
3. Ask them what they think the bar is made of (Aluminum), and if they think it is a good conductor of heat? (Yes) 
4. Insert the heat transfer bar and the thermometers into the lids before filling the cups, so they can be quickly assembled after the water has been added. 
5. Ask a student to fill one cup about ½ - ¾ full with room temperature water.  Place one of the lids with bar and white thermometer into the cup with the room temperature water. 
6. Have the students record the initial temperature of the room temperature water on their worksheets. 
7. Center Leader: Fill the other cup with boiling water up to about 1 inch from the top. Quickly place the other lid with bar and the silver thermometer into that cup.  Tell students not to touch the hot water kettle, the cup containing the hot water, or the aluminum bar. 
8. Have the students record the initial temperature of the boiling water on their worksheets.  Since the temperature of boiling water is 100(C, the reading should be at or close to this.  
9. Ask students to predict what will happen to the aluminum transfer bar and to the temperature of the water in each cup.  
10. Wait 5 -7 minutes before taking a second temperature reading.  While waiting to take the second temperature reading, set the cups aside and proceed with Activity 2. 
Activity 2 - Ice Melting Blocks:
1. Allow students to look at and feel the set of blocks.  Point out that they are the same shape and color.  
2. Ask students if they feel the same, and how they are different.  Ask students what they think the blocks are made of (one is aluminum, a metal, and the other is high density foam.)  
3. Ask which one feels warmer (the foam), and which feels cooler (the aluminum).  
4. Tell the students that we are going to put a piece of ice on top of each block.  Ask them to predict on which block the ice will melt faster, and have the students write this on their worksheet.  
5. Ask two students to put one piece of ice on top of each block (use the rings to contain the water).  Observe.  
6. Which block is melting the ice faster? (The aluminum one – the one that felt cooler to the touch.)  What is happening on the foam block? (The ice is melting much slower even though it felt warmer to the touch.)
7. Continue to observe the rates at which the ice cubes melt.  Ask students why they think this is happening.  Which material is conducting heat into the ice faster?  (The aluminum block will melt ice much faster than the foam block.)  
8. After the ice cube on the aluminum block has melted most of the way, wipe up the water with a paper towel, and allow the students to feel and handle the blocks again.  How do they feel now?  (The aluminum block feels very cold, and the foam block doesn’t feel much different.)  
9. Which block is a better conductor of heat?  (the aluminum one)  Energy stored as heat inside the aluminum block was transferred to the ice quickly.  It gives up its heat because it is a good conductor.  Now the aluminum block has less thermal energy than before.  Ask students to answer the questions on their worksheets.

Now return to the heat transfer demonstration:
· Take the final temperature reading and ask students to calculate the temperature rise or decrease in each of the cups.  
· Why did the temperature of the room temperature water increase?  Where did the heat come from?  (Heat was transferred through the aluminum bar from the hot water to the cooler water.) 

· Why did the temperature of the hot water decrease?  (It lost heat energy into the aluminum bar, into the environment, into the cup.)



	Center 4:  Heat and Insulation

	Introduction:

· If I place a cup of hot chocolate on this table, will it stay hot forever?  (No.)  So where does its thermal energy go?  (It goes Into the air, into the table…)  It dissipates, until eventually the air, the table and the hot chocolate are all the same temperature.
· When you run the furnace to heat your home, why does the furnace keep turning on and off?  (Because some heat escapes from the house.)  How does that heat leave the house?  (Cracks in the windows and doors, through the walls, up the chimney.)  So what can we do to make our houses retain the heat from the furnace longer and use the furnace less?  (We can insulate, make sure we keep all doors and windows closed and properly sealed.)  We can even install energy-efficient windows called thermal pane windows that help stop energy from leaving the house.

Today, we are going to see how reflecting, or bouncing the heat back inside a house, and how insulating affects thermal heat transfer.  (This is a fancy name for keeping the drafty air outside and keeping the warm, heated air inside.)

· At your lab station, we have three miniature houses made from boxes.  Instead of a furnace, we have a light bulb to heat our houses.  Tell the students:  Never touch the light bulb, either when it is turned on or off, as it could be hot.  Each home is fitted with a special thermometer, so we can determine the temperature inside the house without opening the roof.

· Our first house is completely un-insulated and has a big, drafty skylight.  Our second house has a layer of reflecting aluminum foil insulation inside.  And our third house has both a layer of foam insulation and aluminum foil.  

1. Ask students to record the initial temperature inside the 3 houses (should be room temperature).  
2. Now turn the lights on for 2-3 minutes.  After 2-3 minutes, record the temperature inside each house.  Note any difference in the top temperature for each house.
3. Turn off the lights and remove lights from houses.  Place roofs back on houses.
While we are waiting for the houses to cool down, ask students to make a prediction:  Which house do you think will be the warmest?  Which one will be the coolest?
4.    Let the houses cool for 5 minutes and record the temperature of each house every minute.
Discuss your findings with the group:

· At the end of 5 minutes, which house was the warmest? 
· Which house was the coolest?
· What did you notice about the way the houses cooled?
· Based on your findings, which house do you think would be the easiest house to keep warm in the summer and cool in the winter?

For the next group of students, use a different set of houses (or roofs) to let them cool between uses.



	Conclusion:

	Today we explored some important ideas about heat and temperature.  We learned how thermometers work, about conduction and the movement of thermal energy, and how we can make smart choices in lighting and insulation to make our homes more energy efficient.

Thank the students for coming to the Panther Pete Science Lab.  Ask them to remove their worksheets from their clipboards and bring the worksheets with them and ask them to line up single file at the door.


	Materials:

	Center 1:

Activity 1 – Making a Thermometer

· Tap water

· Rubbing alcohol

· Empty plastic bottle 
· Funnel
· Food coloring

· Clear drinking straw
· Modeling clay 

· Hot water in electric kettle
· Plastic bowl

· Paper towels

Activity 2 – A Hand-Held Heat Engine

· Hand Boiler (have extras on hand – these are fragile)
· A container with some padding at the bottom to hold hand boiler
· Bowl filled with ice water

Center 2:  Heat and Wattage

· 6 - gooseneck style lamps. 

· Multi-outlet extension cord. 

· 3 different wattage of incandescent light bulbs

· 3 different wattages of Compact Fluorescent light bulbs
· Thermometers – 12 (6 for center, 6 to trade out to let others cool)

· A watch or stopwatch to measure the time
· Ruler (to make measure the distance from the lamp head to the table)
Center 3:  Conduction

Activity 1 – Heat Transfer

· Heat Transfer kit (2 Styrofoam cups, 2 thermometers, 1 aluminum bar)

· Hot water in electric kettle

· Room Temperature water in a pitcher

· Timer, watch or clock

· Calculator 

Activity 2 – Ice Melting Blocks

· 2 sets of ice melting blocks

· Ice in cooler
· Paper towels
Center 4:  Heat and Insulation

· 6 Cardboard ‘house’ models (3 will be used at the station – 3 others to trade out to let the others cool):

· 1 with nothing added

· 1 lined with aluminum foil

· 1 lined with foam insulation and aluminum foil

· 6 thermometers, inserted and secured into cardboard house so it can be read outside the house

· 3 light bulb stands, all the same wattage

· Multi-outlet extension cord

· Stopwatch
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